Aim was to compare the action of 2A5DHT compound (dual COX-2/5-LOX inhibitor) and conventional non-steroidal anti-inflammatory drugs towards parameters of nitric oxide (NO) system and intensity of
Introduction. Although the etiology of inflammatory bowel disease (IBD) remains unknown, mounting evidence implicates increased eicosanoids production in the inflammatory process of this disease [1] . Prostaglandines (PGs), thromboxanes, and leukotriens (LTs) are collectively referred to as eicosanoids. PGs are produced via the cyclooxygenase (COX) pathway and exhibit both pro-and anti-inflammatory effects. COX is now known to exist in three isoforms: COX-1, COX-2, and COX-3. COX-1 is constitutively expressed in the large intestine under physiological conditions. At the same time, COX-2 is also expressed under the normal conditions in the interstitial tissue, epithelial cells, and neurons of submucous and intermuscular plexuses. PGs synthesized by COX-1, provide for the processes of water and electrolyte transport, vasodilatation, proliferation, and intercellular integration. Considerable amounts of PGs synthesized by COX-2 are involved in the inflammatory process [2] . Sustained inhibition of both COX isoforms by nonsteroidal anti-inflammatory drugs (NSAIDs) can cause intestinal ulceration in humans and laboratory animals. However, clinical and experimental studies indicate that selective COX-2 inhibitors are less ulcerogenic than nonspecific COX in-hibitors (e. g. indomethacin) [3] . For now it is generally accepted that people with IBD should avoid NSAIDs.
Lipooxygenase (LOX) pathway also plays an important role in inflammatory processes in IBD. Leukotrienes (LTs) and lipoxins produced via LOX activity are associated with leukocytes activation and adhesion to vascular endothelium. In ulcerative colitis and Crohn's disease LTB4 is considered to be linked to inflammatory lesions created by neutrophils observed in the colonic and small bowel mucosa. Several experimental data support the postulate that COX inhibition with NSAIDs, besides causing a reduction in the synthesis of PGs, diverts arachidonate to the 5-LOX pathway, thus increasing the formation of LTs. This causes vasoconstriction and increases the formation of reactive oxygen radicals from the peroxidative cleavage of hydroxyeicosatetraenoic acids, which cause further mucosal injury [4] .
Besides pro-inflammatory systems COX/PGs and LOX/LTs, one more very important system involved in the development of IBD is nitric oxide (NO) system. The destructive changes of the intestinal mucosa are associated with increased numbers of active forms of oxygen, enhanced synthesis of NO, expression of inducible nitric oxide synthase (iNOS) by epithelial cells, macrophages, and neutrophil infiltration into the damaged mucous membrane. Recent investigations have established a close interrelationship existing between iNOS and COX-2 [5] .
In the past few decades several compounds have been developed to block both COX and 5-LOX. Dual COX/LOX inhibitors constitute a valuable alternative to classical NSAIDs and selective COX-2 inhibitors for treatment of inflammatory diseases. Moreover, they appear to be almost exempt from gastrointestinal toxicity [6, 7] . One of the most potent dual inhibitors is darbufelone (with the active substance 2A5DHT -2-amino-5-(3,5-ditertbutyl-4-hydroxybenzylidene)-thiazol-4-one). In a randomized, double blind, rising singleand multiple-dose study in healthy volunteers, it was well tolerated up to the oral daily dose of 100 mg [4] .
The role of COX/PGs and LOX/LTs systems in the pathogenesis of IBD so far remains disputable and leaves much to be elucidated. That is why the aim of this research was to compare the action of nonspecific COX inhibitor indomethacine, COX-2 selective inhibitor celecoxib, 5-LOX blocker AA-861 and 2A5DHT, which is the active substance of dual COX-2/5-LOX inhibitor 2A5DHT on indexes of NO-synthase system and intensity of oxidative stress in the mucous membrane of the large intestine (MMLI) under condition of experimental ulcerative colitis.
Materials and methods. Animals. The experimental protocols were approved by the Ethical Committee of Lviv National Medical University (Ukraine). Male albino rats weighing 200-250 g were used. The animals were kept under artificial 12-hour light/dark cycle at a constant temperature of 21-22 °C and fed on a standard rat chow and water ad libitum. All rats were fasted 24 h prior to the experimental procedure.
The study comprised of the following series of experiments: 1 -intact animals were used as controls (n = = 10); 2 -ulcerogenic lesions in rats were induced by 4 % acetic acid as previously described (n = 10) [8] ; 3 -non-selective COX inhibitor, indomethacin («Sigma», USA) was introduced in a dose of 10 mg/kg (n = 8); 4 -selective COX-2 inhibitor, celecoxib («Arterium», Ukraine) was introduced in a dose of 10 mg/kg (n = 10); 5 -5-LOX blocker, AA-861 («Wako», Japan) was introduced in a dose of 50 mg/kg (n = 8); 6 -dual COX-2/5-LOX inhibitor synthesized in the laboratory of Department of Pharmaсeutical, Organic and Bioorganic Chemistry Danylo Halytsky Lviv National Medical University -2A5DHT was introduced in a dose of 10 mg/kg (n = 8). All preparations (celecoxib, indomethacin, AA-861 and 2A5DHT) were administered in 1 ml volumes per os 1 h before and 24 h after the intrarectal application of acetic acid.
Under general anesthesia, rats were sacrificed by decapitation and 10 cm of the distal colon were excised, freed from adherent adipose tissue and opened longitudinally. After washing the mucosa with saline, mucosal injury (macroscopically) was assessed using the grading scale of Morris et al. [9] . No damage (score 0); localized hyperemia but no ulcers (score 1); linear ulcer with no significant inflammation (score 2); linear ulcer with inflammation at one site (score 3); two or more sites of ulceration and inflammation (score 4); two or more sites of ulceration and inflammation or one major site of inflammation and ulceration extending > 1 cm along the length of the colon (score 5). Colonic tissue samples were homogenized in phosphate buffer pH 6.0 1:4 and centrifuged at 5000 rpm, supernatant was used to determine values of biochemical parameters.
Determination of NO-system in colonic tissues. The content of NO in homogenate was determined as nitrites by the method of Green et al. [10] . The absorbance was read in a Stat fax at 550 nm. NO concentration was expressed as mmol/g. NO-synthases (general NOS, iNOS, and endothelial NOS -eNOS) activity was measured by the method described in detail [11] . NOS activity was expressed in nmol NADPH× min
Measurement of L-arginine in plasma samples. The level of L-arginine in plasma samples was measured according to the procedure of Alejnikova [12] . Plasma L-arginine level was expressed as mg/ml.
Lipid peroxidation determination. Lipid peroxidation level was expressed as MDA (malonic dialdehyde) concentration in homogenates of MMLI. It was measured according to the procedure of Timirbulatow et al. [13] . MDA levels were expressed as mmol/g. Catalase (CAT) activity was determined by measuring of the decrease in hydrogen peroxide concentration at 410 nm by the Korolyuk method [14] .
Colon mucosal catalase activity was expressed in
Activity of superoxide dismutase (SOD) was determined by the reaction of reduction of nitrotetrazoliume blue to nitroformazan [15] . SOD activity was expressed in mmol × min
Statistics. Experimental results were analyzed by ANOVA and t-tests for multiple comparisons between groups. The data was finally expressed as mean ± standard deviation. P value less than 0.05 was considered statistically significant.
Results and discussion. In our study, injection of 4 % solution of acetic acid induced lesions, manifested by ulcerative colitis, erosions and hemorrhages, with a total area of 77.2 ± 25.1 mm 2 . Character of the structure-hemorrhagic damage of the MMLI had in score 4.6 ± ± 0.69 (Figure) .
Ulcerative colitis in the MMLI was associated with enhancement of the activity of NO-synthases: activity of general NOS enhanced more than threefold (from 0.88 ± 0.09 to 2.68 ± 0.58 mmol × min
, activity of eNOS -by 58 %, and activity of iNOS -6.9-fold (P < 0.01). In colonic mucosa content of NO increased by 64 % and, concomitantly, content of L-arginine in blood decreased by 51 % (from 37.8 ± 12.8 to 18.53 ± 4.98 mg/ml) (Tabl. 1).
MMLI, affected with ulcerative colitis, was subjected to the following changes: enhanced activity of lipoperoxidation processes manifested by a steep rise of MDA content -by 116 % (from 255.5 ± 24.3 to 556.3 ± ± 15.7 mmol/g) (P < 0.01), at that, SOD activity enhanced by 71 % (P < 0.01), and catalase activity -by 54 % (P < 0.01) (Tabl. 2).
The destructive changes the intestinal mucosa are subjected due to IBD and ulcerative colitis is associated with increased numbers of active forms of oxygen, enhanced synthesis of NO, expression of iNOS by epithelial cells, macrophages, and neutrophil infiltration into the damaged mucous membrane [16] . In the present study, development of ulcerative colitis induced by per rectum introduction of acetic acid was accompanied by the characteristic destructive changes in the MMLI, enhanced processes of lipoperoxidation, increased content of NO, and considerable activation of iNOS. Due to activation of NO-synthases, concentration of L-arginine, the substrate for NOS, in the plasma of blood decreased and content of NO in the MMLI increased.
IBD is characterized by a chronic intestinal inflammatory process with various components contributing to the pathogenesis of the disease including different factors such as stress and use of NSAIDS. NSAIDS are among the most commonly used medications for the treatment of various inflammatory conditions. The main factor limiting NSAIDs use is the concern for the development of gastrointestinal toxicity including mucosal injury.
Several retrospective and cohort studies have implicated NSAIDs in the onset or exacerbation of IBD. It was shown, that injection of nonselective COX inhibitors, the NSAIDs -indomethacin, naprofen, and diclofenac caused destructive changes in the small intestine of laboratory animals. For this reason, the content of PGE2 considerably decreased which is evidence that deficiency of PGs is the key factor whose impact results in damage to the small intestine induced by the effect of NSAIDs [2] . The decrease of PGs synthesis in the site of inflammation considerably correlated with the reduction of COX-1 activity, but not COX-2 [17] . It was acertained that СОХ-1, but not COX-2, plays a role in maintaining the mucosal integrity [18] . N o t e. *P < 0.05.
Table 2 The parameters of lipoperoxidation and the activity of SOD and CAT under conditions of separate and combined inhibition of COX-1, COX-2 and 5-LOX at the background of ulcerative colitis
In our investigation, non-selective COX inhibition by indomethacin resulted in significantly worse colitis as compared with acetic acid colitis alone. Nevertheless parameters of NO-synthase system and oxidative stress were practically the same like in ulcerative colitis.
Many reports showed that СОХ-2 is the main form responsible for PGE2 production at the site of inflammation [17] . Nevertheless the role of COX-2 in the development of ulcerative lesions so far remains disputable. On the one hand, it was previously reported that inhibition of COX-2 aggravated experimentally-induced colonic lesion, that caused considerable inhibition of biosynthesis of PGs and increased area of lesions in colon [19, 20] . On the other hand, it was shown that under inhibition of COX-2 with celecoxib, damage to the MMLI was reduced as well as neutrophilic infiltration and the level of IL 1b. Сelecoxib caused a substantial reduction of the degree of colonic injury, rose the myeloperoxidase activity in mucosa and increased the tissue level of MDA [21] .
In our investigations it was established that COX-2 inhibitor celecoxib decreased the area of lesions of colonic mucosa, separate erosions and hemorrhages were localized in the rugae. Under this condition activity of iNOS, eNOS and NO content decreased, L-arginine concentration in the blood plasma was increased. The content of MDA and SOD activity decreased. Therefore, as the СОХ-2 inhibition led to the increase of cytoprotective processes, it suggests that PGs, produced by COX-2, are associated with inflammation and have many proinflammatory activities that could contribute to symptoms of ulcerative colitis.
Both the conventional NSAIDs and the selective COX-2 inhibitors primarily exert their activity by reducing the production of PGs induced in inflammatory process. In recent years, it has been clarified that PGs synthesis is only one part of arachidonic acid pathway, this precursor being a substrate that gives rise to many other lipid mediators, such as the LTs and the lipoxins. LTs themselves have a major role in the development and persistence of inflammatory process in MMLI [6] . Enhanced activation of LOX and increased content of LTs are characteristic of ulcerative colitis [22] . A steep rise in the content of proinflammatory LTs -C4, D4, and B4, released predominantly by macrophages, monocytes, eosinophils, and mast cells, is observed in experimental ulcerative colitis in the MMLI. Although in a number of research works a higher production of LTs in colitis has been reported [23] , but it was not always accompanied by an increased production of PGE2.
In our investigations it was shown that administration of 5-LOX inhibitor AA-861 at the background of colitis had not effect on the severity of lesions. Activity of NO-synthases had a tendency to decrease, whereas iNOS activity was declined by 44 %, compared to their activity in colitis. Contents of NO and MDA also showed a tendency to decrease. Hence, under condition of LOX-5 inhibition the intensity of lipoperoxidation processes remained high as well as NOS activity. This suggests that the product of 5-LOX reaction -LTB4 didn't play a central role in pathogenesis of experimental ulcerative colitis.
In recent years it was shown, that both metabolites of arachidonic acid PGs and LTs have complementary effects in inflammation. We suggested that blockage both LTs and PGs production might have synergic effects and achieve optimal anti-inflammatory activity. Dual inhibition of COX-2 and 5-LOX may limit the vascular changes seen during inflammation and leukocytes induced damage of MMLI [6] .
Dual COX-2/5-LOX inhibition with compound 2A5DHT displayed significant cytoprotective effect. Microscopy detected separate hemorrhages with the absence of considerable destructive changes of the MMLI. Activity of iNOS declined more than 2 fold, and total activity of NO-synthases decreased by 56 % as compared to their activity in colitis. Content of NO manifested a tendency to decrease. Intensity of lipoperoxidation processes were determined much lower than under the effect of celecoxib and indomethacine, MDA concentration declined by 40 %.
For this reason, dual COX-2/5-LOX inhibition by 2A5DHT has a significant cytoprotective effect in rats with experimental ulcerative colitis and was accompanied by reduction of oxidative stress and activity of NO-synthases in MMLI.
Conclusions. In an experimental model of inflammatory bowel disease, nonspecific COX inhibition with indomethacin resulted in a significantly worse clinical condition, as compared with acetic acid colitis alone. Under COX-2 inhibition with celecoxib cyto-protective processes in MMLI were enhanced and oxidative stress levels were reduced.
5-LOX inhibition with AA-861 revealed no significant effect on structure-hemorrhagic lesions in MMLI caused by the administration of 4 % acetic acid. Concomitantly, iNOS activity was reduced, MDA content displayed a tendency to the decrease.
Dual COX-2/5-LOX inhibition with 2A5DHT compound displayed significant cytoprotective effect, manifested by the decreased area of the MMLI lesions, and the decline of NO-synthases activities and the intensity of lipoperoxidation processes. The substance 2А5DHT significantly overexceeds the cytoprotective effects of both selective and non-selective COX/LOX inhibitors and can be used in the treatment of inflammatory bowel disease.
Addendum. Synthesis of 2A5DHT. The starting 2-aminothiazol-4-one was obtained according to method described previously [24] .
The elemental analyses (C, H, N) were performed using the Perkin-Elmer 2400 CHN analyzer. Analyses indicated by the symbols of the elements or functions were within ±0.4% of the theoretical values. The 1 H NMR spectra were recorded on Varian Gemini 400 MHz in DMSO-d 6 + CCl 4 mixture using tetramethylsilane (TMS) as an internal standard. Chemical shifts are reported in ppm units with use of d scale.
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